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Neither international preliminary examination fee (37 CFR 1.482) 
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International preliminary examination fee (37 CFR 1 .482) not paid to 

USPTO but International Search Report prepared by the EPO or JPO $890.00 (970) 
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Patent 

Attorney's Docket No. 022701-977 
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



In re Patent Application of 

Albert FELIX et aL 

Application No . : Unassigned 
(Corresponds to PCT/FR00/01809) 

International Filing Date: 28 JUNE 2000 

For: METHOD FOR MAKING ADIPIC 
ACID 



Group Art Unit: Unassigned 
Examiner : Unassigned 



P RELIMINARY AMENDMENT 

Assistant Commissioner for Patents 
Washington, DC. 20231 

Sir: 

Prior to examination, please amend the above-captioned application as follows: 
I N THE C LAIM S; 

Kindly amend claims 1-8 as follows. 

1 . (Amended) Process for the manufacture of adipic acid crystals from adipic 
acid obtained by crystallization, comprising dispersing the adipic acid crystals collected on 
conclusion of crystallization in a liquid medium, stirring said liquid medium and separating 
said crystals from said liquid medium. 



2. (Amended) Process according to Claim 1, wherein the liquid medium is 
water or a water/acetic acid mixture. 



3. (Amended) Process according to Claim 1, wherein the temperature of the 
liquid medium is between 20 °C and 70°C. 
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Application No. Unassigned 
Attorney's Docket No. 022701-977 

4. (Amended) Process according to Claim 1, wherein the concentration by 
weight of adipic acid in the liquid medium is greater than or equal to 5 % . 

5. (Amended) Process according to Claim 4, wherein the concentration by 
weight of adipic acid in the liquid medium is between 5% and 60%. 

6. (Amended) Process according to Claim 1, wherein the adipic acid crystals 
before dispersion have a mean size of between 100 fxm and 1000 /xm. 

7. (Amended) Process according to Claim 1, wherein the crystals separated 
from the dispersion have a size of between 50 jwm and 1000 m. 

8. Process according to Claim 1, wherein the liquid medium is cooled before 
the separation of the treated crystals. 

REMARKS 

Entry of the foregoing amendments are respectfully requested. 
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Application No. Unassigned 
Attorney's Docket No. 022701-977 



Should the Examiner have any questions concerning the subject application, a 
telephone call to the undersigned would be appreciated. 




Teresa Stanek Rea 
Registration No. 30,427 



P.O. Box 1404 

Alexandria, Virginia 22313-1404 
(703) 836-6620 

Date: December 21, 2001 
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Application No. Unassigned 
Attorney's Docket No. 022701-977 
Mark-up of Claims - Page 1 of 1 

Attachment to Preliminary Amendment dated December 21. 2001 

Mark-up of Claims 1-8 

1 . (Amended) Process for the manufacture of adipic acid crystals from adipic 
acid obtained by crystallization, [characterized in that it consists in] comprising dispersing 
the adipic acid crystals collected on conclusion of crystallization in a liquid medium, [in] 
stirring [the] said liquid medium and [in then] separating [the] said crystals from [the] said 
liquid medium. 

2. (Amended) Process according to Claim 1, [characterized in that] wherein 
the liquid medium is water or a water /acetic acid mixture. 

3 . (Amended) Process according to Claim 1 [or 2] , [characterized in that] 
wherein the temperature of the liquid medium is between 20 °C and 70 °C. 

4. (Amended) Process according to [one of the preceding claims] Claim 1 . 
[characterized in that] wherein the concentration by weight of adipic acid in the liquid 
medium is greater than or equal to 5 % . 

5. (Amended) Process according to Claim 4, [characterized in that] wherein 
the concentration by weight of adipic acid in the liquid medium is between 5 % and 60 % . 

6. (Amended) Process according to [one of the preceding claims] Claim 1 . 
[characterized in that] wherein the adipic acid crystals before dispersion have a mean size of 
between 100 jxm and 1000 fim. 

7. (Amended) Process according to [one of the preceding claims] Claim 1 . 
[characterized in that] wherein the crystals separated from the dispersion have a size of 
between 50 /xm and 1000 m. 
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Application No. Unassig ned 
Attorney's Docket No. 022701-977 
Mark-up of Claims - Page 2 of 2 

- Attachment to Preliminary Amendment dated December 21. 2001 

Mark-up of Claims 1-8 

8. Process according to [one of the preceding claims] Claim 1 . [characterized in 
that] wherein the liquid medium is cooled before the separation of the treated crystals. 
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PROCESS FOR THE MANUFACTURE OF ADIPIC ACID 

The present invention relates to a process 
for the manufacture of adipic acid, more particularly 
5 of adipic acid crystals. 

It relates more specifically to a process for 
the treatment of adipic acid crystals obtained on 
conclusion of crystallization . 

Adipic acid is a major intermediate, in 
10 particular in the field of polymers and more 

particularly of polyamide and in the synthesis of 
polyurethanes . 

Adipic acid is generally synthesized by 
oxidation of a eye 1 ohexanone / eye 1 ohexano 1 mixture by 
15 nitric acid in the presence of oxidation catalysts, 
such as vanadium and copper. 

The adipic acid is recovered and purified by 
successive crystallization operations. 

During these operations, the adipic acid is 
2 0 separated in particular from the other dicarboxylic 
acids formed, such as glutaric acid or succinic acid. 

The adipic acid crystals produced on 
conclusion of crystallization are generally oblong in 
shape and have a very uneven surface. 
25 Adipic acid is generally stored in large 

tanks or containers and optionally transported to the 
site of its use, for example plants for the manufacture 
of polyamide or of hexamethylenediamine adipate salt. 
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During this storage and optionally 
transportation, caking often takes place, that is to 
say a sticking together of several crystals. This 
phenomenon is highly damaging as it greatly reduces the 
5 f lowability of adipic acid during the feeding of the 
crystals in the plants, for example polymerization 
plants . 

Patent US 5,471,001 provides a specific 
process for the crystallization of adipic acid with the 

10 use of ultrasound. The crystals obtained exhibit better 
flowability and a weaker property of "caking" during 
storage and transportation. 

One of the aims of the present invention is 
to provide a process which makes possible the 

15 manufacture of adipic acid crystals exhibiting a 

specific shape and a specific surface condition, in 
order to obtain good flowability during the charging or 
discharging or more generally the transportation of 
these crystals and a decreased property of "caking" . 

20 To this end, the invention provides a process 

for the manufacture of adipic acid crystals which 
consists in treating the crystals obtained after 
crystallization according to a process comprising the 
stages of dispersing the said crystals in a liquid 

25 medium, of stirring the said liquid medium for a 

predetermined period of time, in order to obtain the 
desired shape and the desired surface condition of the 
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crystals, and of then separating the said treated 
crystals from the said liquid medium. . 

According to another characteristic of the 
invention, the liquid medium is preferably water or a 
5 water/acetic acid mixture in all proportions. 

The temperature conditions for carrying out 
this treatment, in particular during the stage of 
stirring the liquid medium, are not critical. 

However, it is preferable for the solubility 
10 of adipic acid in the liquid medium to remain low in 

the temperature range chosen, for example at a value of 
less than approximately 2 g/1 at 2 0°C. The preferred 
temperature range of the invention is between 20°C and 
70 °C, advantageously between 2 0 °C and 60 °C. 
i5 In some cases, it may be advantageous to cool 

the liquid medium to a temperature of less than 2 0°C, 
before separating the crystals from the said liquid 
medium. 

Likewise, the power of the stirring should be 
2 0 sufficient to prevent excessively large concentration 

gradients for adipic acid. or other compounds present in 
the medium. However, this power should not be too high, 
in order to avoid breaking up the crystals. 

According to a novel characteristic of the 
25 invention, the concentration by weight of adipic acid 

crystals in the liquid medium is greater than 5% (solid 
mass/solid mass + liquid mass ratio) and advantageously 
between 5% and 60% by weight. 
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The concentration of crystals can have an 
effect on the result of the treatment. This is because 
the greater the number of crystals, the greater the 
effect of smoothing the surface of the latter. However, 
5 an excessively high concentration can be harmful to the 
process as it will not make it possible to obtain a 
correct smoothing effect and can result in an 
agglomeration of crystals to one another. 

According to the invention, it is preferable 
10 for the adipic acid crystals intended to be dispersed 
to exhibit a mean size of between 100 jam and 1000 |im, 
advantageously between 2 00 and 70 0 jam. 

These crystals can be subjected to a 
preliminary milling, if their mean size after 
15 crystallization is too high. 

After treatment according to the process, the 
crystals have a mean size of between 50 jam and 1000 jam 
approximately . 

However, the mean sizes specified hereinabove 
2 0 are only indicated by way of illustration and 

correspond to the preferred ranges . The process of the 
invention can also be applied to crystals with a lower 
or greater mean size. 

According to a preferred embodiment of the 
25 invention, the treatment of the crystals is obtained by 
setting the liquid medium in motion. This setting of 
the liquid medium in motion can be a stirring of the 
latter carried out with one or more stirrers exhibiting 
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varied moving forms conventionally used in the field of 
the stirring of suspensions. 

To improve the effect of the treatment, 
baffles can be positioned in the reactor comprising the 
5 liquid medium. 

This setting of the liquid medium in motion 
can also be obtained by rotating the liquid medium in a 
device of the centrifuge type. 

Finally, the invention generally comprises 
10 any means and device capable of setting a liquid in 

motion in a reactor or a vessel. This is because other 
plants or devices than those described hereinabove 
might be used without departing, on that account, from 
the scope of the invention. 
15 Furthermore, the process of the invention 

makes it possible, if necessary, to wash the adipic 
acid crystals. Thus, the content of nitric acid is 
greatly reduced. 

The adipic acid crystals treated according to 
2 0 the process of the invention have the form of a pebble 
with a smooth surface. The pebbles have varied shapes, 
in particular oblong shapes, exhibiting no sharp 
ridges . 

The crystals thus treated exhibit a low 
25 tendency to cake. In addition, their shape, without 

sharp ridges, and their smooth surface make it possible 
to obtain ready movement of one agglomerate with 
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respect to another when they are isolated from the 
liquid medium and dried. 

For this reason, the adipic acid crystals 
obtained by the process of the invention exhibit 
5 excellent flowability and a very weak property of 
caking. 

It is therefore possible to store and 
transport these products for lengthy periods of time 
and under uncontrolled atmospheric conditions. 

10 It is easy to fill the storage and 

transportation containers, as well as to remove from 
stock or to feed to reactors. 1 

The invention will be better illustrated in 
the light of the examples hereinbelow, given solely by 

15 way of indication, and with reference to the appended 
figures, in which: 

- Figure 1 represents a view taken with a 
scanning electron microscope with a magnification of 2 0 
of a sample of crystals of adipic acid untreated by the 

2 0 process of the invention, and 

- Figure 2 represents a view taken with a 
scanning electron microscope with a magnification of 2 0 
of a sample of the crystals represented in Figure 1 
after treatment by the process of the invention. 

25 Adipic acid crystals obtained by 

crystallization from an aqueous adipic acid solution 
have a mean size of 600 ^im. The form of these crystals 
is illustrated in Figure 1 . These crystals form lumps 
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with an oblong shape exhibiting a very uneven surface, 
comprising small grains stuck to or agglomerated at the 
surface and numerous cracks or cavities. 200 g of 
crystals are dispersed in 33 0 g of water present in a 
5 vessel equipped with a stirrer. The concentration of 
the crystals in the liquid medium is 40% by weight. 

The mixture is kept stirred for one hour at a 
temperature of 2 5°C. 

After filtering and drying in a fluidized bed 
10 at 100 °C for one hour, the adipic acid crystals 
obtained exhibit a mean size of 600 fim. 

The appearance of these crystals, illustrated 
by Figure 2, clearly shows the effect of the process of 
the invention. This is because the crystals still have 
15 the form of an oblong pebble but their surface is 
smooth with few adherent particles. 

After storing the crystals in a conventional 
container for several days in a normal atmosphere, 
feeding them to a reactor did not present any problems . 
2 0 No agglomeration or caking was observed. 
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CLAIMS 

1 . Process for the manufacture of adipic 
acid crystals from adipic acid obtained by 
5 crystallization, characterized in that it consists in 
dispersing the adipic acid crystals collected on 
conclusion of crystallization in a liquid medium, in 
stirring the said liquid medium and in then separating 
the said crystals from the said liquid medium. 
10 2. Process according to Claim 1, 

characterized in that the liquid medium is water or a 
water/acetic acid mixture. 

3. Process according to Claim 1 or 2 # 
characterized in that the temperature of the liquid 

15 medium is between 20 °C and 70°C. 

4. Process according to one of the 
preceding claims, characterized in that the 
concentration by weight of adipic acid in the liquid 
medium is greater than or equal to 5%. 

20 5. Process according to Claim 4, 

characterized in that the concentration by weight of 
adipic acid in the liquid medium is between 5% and 60%. 

6 . Process according to one of the 
preceding claims, characterized in that the adipic acid 
25 crystals before dispersion have a mean size of between 
100 \xm and 1000 ^m. 

"7. Process according to one of the 
preceding claims, characterized in that the crystals 



9 

separated from the dispersion have a size of between 
50 iim and 1000 [im. 

8. Process according to one of the 
preceding claims, characterized in that the liquid 
5 medium is cooled before the separation of the treated 
crystals . 
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PROCESS FOR THE MANUFACTURE OF AD I PIC ACID 

The present invention relates to a process 
for the manufacture of adipic acid, more particularly 
of adipic acid crystals. 

It relates more specifically to a process for 
the treatment of the adipic acid crystals obtained on 
conclusion of crystallization, which consists in 
dispersing the adipic acid crystals collected on 
conclusion of crystallization in a liquid medium, in 
stirring the said liquid medium and in then separating 
the said crystals from the said liquid medium and 
optionally drying them. 

The form of the crystals is modified in order 
to obtain pebbles with a substantially smooth surface. 
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(54) Title: METHOD FOR MAKING ADIPIC ACID 



(54) Titre: PROCEDE DE FABRICATION D'ACIDE ADIPIQUE 



|^ (57) Abstract: The invention concerns a method for making adipic acid, more particularly adipic acid crystals. More precisely, it 
I/*) concerns a method for treating adipic acid crystals derived from crystallisation which consists in dispersing the adipic acid crystals 
tf} collected at the output of crystallisation in a liquid medium, stirring said liquid medium, then separating said crystals and optionally 
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COMBINED DECLARATION AND POWER OF ATTORNEY 
FOR UTILITY OR DESIGN PATENT APPLICATION 

As a below named inventor, I hereby declare that: 

My residence, post office address and citizenship are as stated below next to my name; 

I believe I am the original, first and sole inventor (if only one name is listed below) or an original, first and joint 
inventor (if plural names are listed below) of the subject matter which is claimed and for which a patent is sought on 
the invention entitled: 



METHOD FOR MAKING ADBPIC ACID 



the specification of which (check only one item below): 
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□ 



was filed as United States application 

Number on 
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was filed as PCT international application 

Number PCT/FR00/018Q9 on 
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_(if applicable). 
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_ (if applicable). 



I hereby state that I have reviewed and understand the contents of the above-identified specification, including the 
claims, as amended by any amendment referred to above. 

I acknowledge the duty to disclose to the Office all information known to me to be material to patentability as defined 
in Title 37, Code of Federal Regulations, §1.56. 

I hereby claim foreign priority benefits under Title 35, United States Code, §§119 (a)-(d), 172 or 365 of any foreign 
application(s) for patent or inventor's certificate or of any PCT international applicauon(s) designating at least one 
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for patent or inventor's certificate or any PCT international application^ ) designating at least one country other than 
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PRIOR FOREIGN/PCT APPLICATIONS) AND ANY PRIORITY CLAIMS UNDER 35 U S.C. §§119(a)-(d). 172 or 355: 


COUNTRY 
(if PCT, indicate "PCT") 


APPLICATION NUMBER 


DATE OF FILING 
(day, month, year) 


PRIORITY CLAIMED 
UNDER 35 U.S.C. 55119, 
172 or 365 


FRANCE 


99/08591 


29 JUNE 1999 


X Yes 


No 








Yes 


No 








Yes 


No 








Yes 


No 








Yes 


No 



(10/01) 



12-04-2002 15=09 



RHODI A SERUICES 



Combined Declaration and Power of Attorney 
for Utility or Design Patent Application 
Attorney's Docket No. 022701-977 
Page 2 of 2 

I hereby appoint the following attorneys and agent(s) to prosecute said application and to transact all business in the 
Patent and Trademark Office connected therewith and to file, prosecute and to transact all business in connection with 
international applications directed to said invention: 



Wdluxn L. Mathis 17.337 

Robert S. Sleeker 19,R85 

Plaion N. Mandros 22.124 

Benton S. Duffctt, Jr. 22.030 

Norman H. Stepno 22,716 

Ronald L. Grudziecki 24.970 

Frederick G. Michaud. Jr. 26,003 

Alan E. Kopecki 25.813 

Regh E. Sluttcr 26.999 

Samuel C. Miller, HI 27,360 

Robert G. Mukai 28.531 

George A. Hovanec. Jr. 28.223 

James A LaBarre 28,632 

E. Joseph G«s 28,510 

R Danny Huntington 27.903 



Eric H. Weisblan 


30.505 


Jamci W. Peterson 


26.057 


Teresa Stanck Rea 


30.427 


Roben E. Krebs 


25,885 


William C. Rowland 


30.88S 


T. Gene Dillahunty 


25,423 


Patrick C. Keane 


32,858 


B. Jefferson Boggs. Jr. 


32,344 


WilJiam H. Benz 


25,952 


Peter K. Sldff 


31.017 


Richard J. McGrath 


29.195 


Matthew L. Schneider 


32.814 


Michael G. Savage 


32.596 


Gerald F. Swiss 


30.113 


Charles F. Widand HI 


33,096 



Bmcc T. Wieder 


33,815 


Todd R. Walters 


34.040 


Ronni 5. Jillions 


31,979 


Harold R. Brown EEI 


36,341 


Allen R. Baum 


3G.0S6 


Bnan P. 0'ShaughncK.sy 


32,747 


Kenneth B. Lcffler 


36.075 


Fred W. Hathaway 


32,230 


Wcndi L. Weuwtein 


34,456 


Mary App-Dillnhunty 


34,576 


I 21839 





and: 



Address 



mdence to: 




Norman H. Stepno, Esquire 

Burns, Doane, Swecker & Mathis, L.L.P. 

P.O. Box 1404 

Alexandria, Virginia 22313-1404 



Address all telephone calls to: Teresa Stanck Rea 



at (703) 838-6638. 



I hereby declare that all statements made herein of my own knowledge are true and that all statements made on 
information and belief are believed to be true; and further that these statements were made with the knowledge that 
willful false statements and the like so made are punishable by fine or imprisonment, or both, under Section 1001 of 
Title 18 of the United States Code and that such willful false statements may jeopardize the validity of the application 
or any patent issued thereon. 



FULL NAME OF SOLE OR FIRST INVENTOR 


Albert FELIX ^ 


Signature 




Date 




Residence (City, State, Country) 


Villeurbanne. FRANCE p £>C 


Citizenship 


FRANCE 


Mailing Address 


79, rue du 8 Mai 1945, F-69100 Villeurbanne, FRANCE 


City, State, ZIP, Country 


F-69100 Villeurbanne, FRANCE 


FULL NAME SECOND INVENTOR, IF ANY 


Yves ROQUES 


Signature 


jZ^fe^ — - 


Date 




Residence (City, State, Country) 


Villeurbanne^ FRANCE Fr<)C 


Citizenship 


FRANCE 


Mailing Address 


9, rue d'Hanoi". F-69100 Villeurbanne, FRANCE 


City, State, ZIP, Country 


F-69100 VUleurbanne, FRANCE 



(10/01) 



